Scallop adductor muscle is widely utilized not only as raw material for various dishes, but also for dried, smoked, and canned products. Browning of muscle is fre quently observed in these products, which is thought to oc cur mainly during the cooking process. Because extended browning of cooked muscle impairs the taste and flavor as well as the appearance of the products, it is important to clarify the cause of browning of cooked muscle and to es tablish methods of prevention.
Tarrl) found that glucose-6-phosphate (G6P) inaucea marked browning in fish flesh under experimental condi tions. Yamanaka et a1. [2] [3] [4] clarified that the main com pounds responsible for orange discoloration of canned skipjack meat were G6P and fructose-6-phosphate (F6P). Nagayama and Kimura5) studied the boil-shucking of scal lop and reported the relation between G6P formation dur ing boil-shucking of scallop and browning of canned scal lop muscle. Hiltz and Dyer 6) reported that the hexose monophosphates in cold stored Canadian sea scallop (Placopecten maghellanicus) adductor muscle were present in sufficient amounts for Maillard reactions upon heating.
In this report, the effects of cold storage, freezing anc thawing on browning of scallop were studied in relation to the contents of glycogen, glucose and sugar phosphates in the adductor muscle. 
Materials and Methods

Materials
Preparation of Extract
About 2.5 g of muscle was homogenized in 10 ml ice cold 6% perchloric acid and the suspension was cen trifuged at 10,000 rpm for 10 min. The procedure was repeated and the supernatants were combined. After neu tralization with KOH solution, the supernatant was made up to 25 ml with distilled water. These solutions were meas ured for glucose, glycogen and sugar phosphates.
Determination of Glucose and Glycogen Glucose was determined using hexokinase (E.C.2.7.1.1, Boehringer Mannheim Co.) and G6P dehydrogenase (E.C.1.1.1.49, Boehringer Mannheim Co.) on the basis of the increment in optical density of NADPH at 340 nm ac cording to the method of Keppler and Decker.7) Glycogen was hydrolyzed with amyloglucosidase (E.C.3.2.1.3, Boehringer Mannheim Co.) and the glucose formed was determined in the same manner.
Determination of Sugar Phosphates
G6P, F6P and fructose l,6-diphosphate (FDP) were de termined by the method of Michal and Beutler.8) G6P was determined using G6P dehydrogenase (E.C.1.1.1.49, Boehringer Mannheim Co.) on the basis of the increment in optical density of NADPH at 340 nm. F6P was convert ed to G6P with phosphoglucose isomerase (E.C.5.3.1.9, Boehringer Mannheim Co.) and then determined as stated above. FDP was converted to F6P with fructose-1,6 -diphosphatase (E.C.3.1.3.11, Sigma Chemical Co.) and F6P formed was determined in the same manner. The con tents of glucose, glycogen and sugar phosphates were de scribed using the average and standard deviation (SD) of 5 samples. 
Measurement of Degree of Browning
Results
Changes in Content of Glycogen, Glucose and Sugar Phos phates Figure 1 shows the content of glycogen, glucose and su gar phosphates in unfrozen, frozen and thawed scallop ad ductor muscle. Average content of glycogen, glucose, GO, F6P and FDP immediately after death was 1.34 g/ 100g (SD 0.16), 14.6mg/ 100g (SD 5.4), 64.5mg/ 100g (SD 5.7), 12.1mg/ 100g (SD 1.3) and 1.3mg/ 100g (SD 0.9) respectively. Frozen muscle did not show changes in the content of these sugars. Glucose and sugar phosphates increased and glycogen decreased in thawed muscle and the changes were almost the same in both rapid thawed and slow thawed muscle. G6P and F6P increased to the lev el of more than twice that of the initial amount, FDP in creased to 20 times that of the initial amount, and glucose increased 1.2 times, whereas glycogen decreased by approx imately 0.1g/ 100g. 
Relations between Degree of Browning and Content of Su gar Phosphates
The Suitability of reflectance of the cooked muscle and optical density of cooking liquid as indices of the degree of browning was examined.
The reflectance showed a large variation according to the parts of the muscle measured. The optical density of the cooking liquid showed not only good agreement to the degree of browning but also consis tent results. Consequently, the optical density of the cook ing liquid at 450 nm was used as an index of the degree of browning in this study. When yellowish browning was ob served in the cooked muscle, the optical density of its cook ing liquid was more than 0.35. Muscle with deep browning had an optical density of more than 0.45, and also had a slight burned odor. The relation between the content of G6P in the muscle and the degree of browning expressed as the optical den sity of the cooking liquid is summarized in Fig. 6 and FDP, and thus G6P seemed to be most responsible for the browning of the cooked muscle among these sugar phosphates. The rate of decrease in glycogen during cold storage differed markedly between unfrozen muscle and thawed muscle. Because the amount of change was mar kedly higher in thawed muscle than that in unfrozen mus cle, thawing seemed to accelerate glycogen degradation considerably. The decrease in the content of glycogen in unfrozen muscle was nearly proportional to the increase in the content of glucose and sugar phosphates. However, the rate of decrease in glycogen in thawed muscle far ex ceeded the rate of increase in glucose. This discrepancy may be explained by the results10) we previously obtained that octopine and lactic acid accumulation in thawed mus cle was larger than that in unfrozen muscle. Hiltz and Dyer9) found that the decrease in glycogen in thawed Canadi an sea scallop muscle was greater than the formation of hexose monophosphates and octopine, and suggested the existence of another pathway of glycogen degradation or other intermediates accumulated in thawed muscle. We" previously clarified that D-lactic acid is one of the end products in glycolysis in scallop adductor muscle. Since Hiltz and Dyer did not determine D-lactic acid, it is proba ble that the compound they suggested is D-lactic acid. 
